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DESCRIPTION 



Method of Manufacturing Electric Double Layer Capacitor 



5 Technical Field 

The present invention relates to a method of manufacturing electric 
double layer capacitors used in a variety of electronic devices. 
Background Art 



10 A conventional method of preparing electrolyte synthetically is to produce 
electrolyte by combining numbers of conceivable solutes and solvents in order to 
obtain a higher withstanding voltage. The withstanding voltage of the 
electrolyte produced is measured to examine whether or not it meets the target 
withstanding voltage. Such a process of trial and error is repeated for 

15 preparing electrolyte, and then an amount of positive and negative electrodes is 
adjusted in order to make a full use of the withstanding voltage of the 
electrolyte thus prepared. Electric double layer capacitors have been thus 
manufacture d. 



20 long time to develop electrolyte. To be more specific, it needs the following 
three steps: (l) select appropriate solutes and solvents from among numbers of 
conceivable ones; (2) prepare electrolyte synthetically by dissolving the solutes 
into the solvents selected; and (3) measure a withstanding voltage of the 
electrolyte. Those steps are repeated again and again to obtain a target 

25 electrolyte. Therefore, it takes an extremely long time to complete the target 
electrolyte. As a result, the foregoing problem has caused delay in developing 
electric double layer capacitors. 



An electric double layer capacitor is expected to withstand a high voltage. 



The foregoing conventional method has a problem of taking an extremely 
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Disclosure of the Invention 

The present invention provides a method of manufacturing electric 
double layer capacitors each of which includes electrolyte, a positive electrode 
5 and a negative electrode. The electrolyte is prepared synthetically through the 
steps of 

(1) assuming a model in which solutes are dissolved in solvents; 

(2) forming an association complex by using cation and anion, both 
being elements of the solutes, and finding a first value by calculating a first 

10 energy of the association complex in a stable state; 

(3) finding a second value and a third value by calculating a second 
and a third energies at reduction and oxidization of the association; 

(4) finding a fourth value by subtracting the second value from the 
first value, and finding a fifth value by subtracting the first value from the third 

15 value; 

(5) finding a sixth value by subtracting the fourth value from the 

fifth value; 

(6) selecting electrolyte having the sixth value higher than a target 
value; and further, 

20 (7) measuring a withstanding voltage of both the positive and the 

negative electrodes with a positive electrode and a negative electrode dipped in 
this electrolyte,; and finally, 

(8) setting respective surface areas of the positive electrode and the 
negative electrodes such that the totaled amount of the withstanding voltages 
25 of the positive and the negative electrodes can be maximized and the sixth 
value of the electrolyte can be effectively used. 

The manufacturing method of the present invention allows shortening a 
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time necessary for developing the electrolyte, so that characteristics of a 
withstanding voltage can be fully used. 

Brief Description of the Drawings 
5 Fig. 1 shows a sectional view of an electric double layer capacitor in 

accordance with an exemplary embodiment of the present invention. 

Fig. 2 shows a perspective view of the electric double layer capacitor in 
accordance with an exemplary embodiment of the present invention. 

Fig. 3 shows a perspective view illustrating an essential part of the 
10 electric double layer capacitor in accordance with an exemplary embodiment of 
the present invention. 

Fig. 4 shows an enlarged sectional view illustrating an essential part of 
the electric double layer capacitor in accordance with an exemplary 
embodiment of the present invention. 
15 Fig. 5 shows a model of the essential part of the electric double layer 

capacitor in accordance with an exemplary embodiment of the present 
invention. 

Fig. 6 shows a model of the essential part of the electric double layer 
capacitor in accordance with an exemplary embodiment of the present 
20 invention. 

Fig. 7 shows a flowchart of manufacturing an electric double layer 
capacitor in accordance with an exemplary embodiment of the present 
invention. 

Fig. 8 shows a schematic diagram of electrolyte of an electric double layer 
25 capacitor in accordance with an exemplary embodiment of the present 
invention. 

Fig. 9 shows a schematic diagram of electrolyte of an electric double layer 



capacitor in accordance with an exemplary embodiment of the present 
invention. 

Fig. 10 shows a flowchart of manufacturing an electric double layer 
capacitor in accordance with an exemplary embodiment of the present 
invention. 

Fig. 11 shows a schematic diagram of a positive electrode and a negative 
electrode of an electric double layer capacitor. 

Fig. 12 shows a schematic diagram illustrating an electrostatic capacity 
of an electric double layer capacity. 

Detailed Description of Preferred Embodiments 

The present invention provides a method of manufacturing electric 
double layer capacitors, and this method actually prepares synthetically only an 
electrolyte of which withstanding voltage is expected to exceed a target 
withstanding voltage through a simulation. This method thus eliminates a 
process of trial and error for developing electrolyte, thereby substantially 
shortening a time needed for developing the electrolyte. Adjustment of the 
surface areas of a positive and a negative electrodes allows exploiting a full 
potential of the withstanding voltage of the electrolyte developed, so that an 
electric double layer capacitor having a high withstanding voltage can be 
manufactured in a highly efficient manner. 

In other words, the method of the present invention differs from the 
conventional method which selects conceivable solutes and solvents at random 
and dissolves the solutes into the solvents for producing electrolyte on trial and 
error basis. The method of the present invention uses a simulation, and 
comprises the steps o£ 

(l) Assume a model in which a solute is dissolved into solvent; 
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(2) Calculate a withstanding voltage of this model; 

(3) Prepare electrolyte synthetically by dissolving the solute into the 
solvent only when the value calculated is higher than a target value; 

(4) Dip a positive and a negative electrodes into the electrolyte 
5 synthetically prepared, and measure respective withstanding voltages of the 

positive and the negative electrodes; and 

(5) Total the respective withstanding voltages together and maximize 
the value totaled, and adjust respective surface areas of the positive and 
negative electrodes for making full use of the withstanding voltage of the 

10 electric double layer capacitance. 

The manufacturing method of the present invention allows preparing 
synthetically an electrolyte which is supposed to have a withstanding voltage 
expected to exceed a target value in an extremely high probability comparing 
with the conventional method that combines solutes and solvents at random for 

15 synthetically preparing an electrolyte. Further, adjustment of respective 
surface areas of a positive and a negative electrodes allows making best use of 
the withstanding voltage of the electrolyte synthetically prepared. As a result, 
a time needed for developing an electric double layer capacitor having a high 
withstanding voltage can be substantially shortened. 

20 Exemplary embodiments of the present invention are demonstrated 

hereinafter with reference to Figs. 1 - 10. 

Exemplary Embodiment 1 

Fig. 1 — Fig. 4 show an example of an electric double layer capacitor 
25 having a structure where element 2 is enclosed into outer container 1 with 
sealing rubber 3. As shown in Fig. 3 and Fig. 4, element 2 is formed by 
winding up belt-like separator paper 4 in a whirling pattern, where paper 4 



having current collecting metals 5, 6 on its front and back respectively. 
Activated carbon 7A, 7B are disposed respectively on metals 5 and 6 at their 
sides confronting separator paper 4. Between metals 5 and 6, there is 
electrolyte 8 filled in outer container 1. 

In this embodiment, electrolyte 8 is selected through a simulation before 
it is actually produced. The simulation employs a molecular orbital calculation, 
and uses a program code such as MOPAC93 (Fujitsu Co., Ltd.), GAUSSIAN98 
(Gaussian Inc. ). The procedure is demonstrated hereinafter with reference to 
Fig. 5 and onward. 

Fig. 5 shows a model of the electric double layer capacitor shown in Fig. 4, 
and it is expected that electrolyte 8 exists between current collecting metals 5 
and 6. The state shown in Fig. 5 tells no voltage is applied between metals 5 
and 6, so that cation 9 and anion 10 disperse in electrolyte 8. 

Fig. 6 shows a state where power supply 11 is coupled between metals 5 
and 6. As shown in Fig. 6, a negative electrode of power supply 11 is coupled to 
current correcting metal 5, and a positive electrode of power supply 11 is 
coupled to metal 6. In this state, cation 9 is attracted onto the surface of 
activated carbon 7A by minus electric charges existing on the surface of 
activated carbon 7A disposed inside of metal 6. On the other hand, anion 10 is 
attracted onto the surface of activated carbon 7B by plus electric charges 
existing on the surface of activated carbon 7B disposed inside metal 6. 

As discussed above, application of a voltage between current collecting 
metals 5 and 6 allows minus electric charges and plus electric charges to attract 
cation 9 and anion 10 respectively onto the surfaces of activated carbons 7A and 
7B disposed respectively inside metals 5 and 6. As a result, energy is stored in 
this electric double-layer capacitor. Application of a potential difference 
greater than a certain value Ve between cation 9 and the minus electric charges 



allows electrons to move from the surface of activated carbon 7 A disposed inside 
metal 5 to electrolyte 8. Application of a potential difference greater than a 
certain value Vo allows electrons to move from electrolyte 8 to the surface of 
activated carbon 7B disposed inside metal 6. The withstanding voltage of an 
5 electric double layer capacitor is equal to a size of potential window (Vw) which 
is calculated by adding Ve and Vo. 

The withstanding voltage of an electric double layer capacitor largely 
depends on electrolyte 8, therefore, it is necessary to study what kind of 
chemical species should be selected for obtaining a high withstanding voltage. 
10 In this first embodiment, electrolyte 8 is developed according to the procedure 
shown in Fig. 7. 

Step 7a is selecting an electrolyte, which is supposed to be formed of 
cation 9, anion 10 and solvent 12 as shown in Fig. 8. Fig. 8 shows an example 
of an electrolyte in which cation 9 is tetraethyl ammonium, anion 10 is 
15 tetrafluoroborate, and solvent 12 is propylenecarbonate. This is just an 
example and many other combinations are available. 

Step 7b is assuming a model in which cation 9 and anion 10 are dissolved 
in solvent 12. In this first embodiment, a model in which cation 9 and anion 
10 form an association complex is assumed, and this association complex is 
20 supposed to form a dimer made from one cation 9 and one anion 10. The 
model, in which this solute is dissolved in the solvent, can be assumed by 
storing the solute in a polarizable continuum which is an approximation of the 
solvent molecules; however, there are other methods to assume the model. 

Step 7c is finding a first value by calculating a first energy of the 
25 association complex through a simulation, while the association complex formed 
of cation 9 and anion 10 is in a stable state. 

Step 7d is finding a second and a third values respectively by calculating 
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a second energy and a third energy produced respectively at reduction and 
oxidization of the association complex. When the association complex is 
reduced, electrons move from activated carbon 7A to the association complex 
existing near the surface of carbon 7A disposed inside current collecting metal 5 
5 shown in Fig. 6. On the other hand, when the association complex is oxidized, 
electrons move from the association complex existing neair the surface of 
activated carbon 7B to carbon 7B which is disposed inside current collecting 
metal 6. Reduction or oxidization of the association complex allows minus 
electric charges or plus electric charges stored respectively in metal 5 or metal 6 

10 to move into electrolyte 8, so that energy stored in an electric double layer 
capacitor is lost. At this time cation 9 and anion 10, forming the association 
complex, become near to a radical state and tend to promote a chemical reaction, 
so that electrolyte 8 becomes vulnerable to breakup. 

Step 7e is finding a fourth and a fifth values. The fourth value can be 

15 found by subtracting the second value from the first value. The fourth value 
means an energy gain produced at the reduction of the association complex on 
metal 5 side. On the other hand, the fifth value can be found by subtracting 
the first value from the third value, and the fifth value means an energy loss 
produced at the oxidization of the association complex on metal 6 side. 

20 Step 7f is finding a sixth value by subtracting the fourth value from the 

fifth value, and the sixth value corresponds to a size of potential window Vw 
estimated, namely, a withstanding voltage of the electric double layer capacitor. 

Step 7g is determining the electrolyte to be appropriate for 
manufacturing an electric double layer capacitor having a high withstanding 

25 voltage. To be more specific, compare the sixth value calculated with a target 
value, and if the sixth value is higher than the target value, the electrolyte 
formed of selected cation 9, anion 10 and solvent 12 is determined to be 
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appropriate for manufacturing the capacitor. 

Step 7h is preparing the electrolyte synthetically by dissolving cation 9 
and anion 10 into the solvent using chemical species specified in step 7a 
through step 7g. 

5 Step 7i is using the electrolyte as an element of an electric double layer 

capacitor. To be more specific, measure a withstanding voltage of the 
electrolyte prepared to find whether or not a withstanding voltage estimated at 
the simulation can be obtained within an error range practically allowable. If 
the measurement satisfies the target value, use the electrolyte in the capacitor. 

10 Then dip a positive and a negative electrodes made from activated carbon 

into the electrolyte thus prepared, thereby producing an electric double layer 
capacitor. When a voltage is applied between the electrodes, a control is 
needed for a voltage applied on the positive electrode not to exceed oxidizing 
voltage Vo, and for a voltage applied on the negative electrode not to exceed 

15 reducing voltage Vr. This control prevents oxidization or reduction of the 
electrolyte, and also suppresses deterioration of characteristics of the capacitor. 
Under this condition, in order to maximize the voltage applied between the 
electrodes, the respective surface areas of the positive and the negative 
electrodes are adjusted such that when the positive electrode has voltage Vo, a 

20 voltage of the negative electrode becomes Vr, and the voltage between the 
electrodes becomes Vo + Vr. A method of this adjustment is demonstrated 
hereinafter. 

Assume that electrodes employ activated carbon. Respective surface 
areas of the positive and the negative electrodes are proportionate to respective 
25 amounts of activated carbon. As shown in Fig. 11, negative electrode 101 has 
amount Si of activated carbon, and positive electrode 102 has amount S2 of 
activated carbon. As shown in Fig. 12, negative electrode 101 has electrostatic 
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capacity Cl, and positive electrode 102 has electrostatic capacity C2. Those 
capacities are not only proportionate to the respective amounts of activated 
carbon, but also depend on kinds of electrolyte ions which store electric charges. 
Parameter ai proper to cation and parameter 012 proper to anion are introduced, 
5 and assume that the following equations are established: 
Ci = on Si, C2 — CC2 S2. 
When a voltage is applied between the electrodes, negative electrode 101 is 
assumed to receive voltage Vi, and positive electrode 102 is assumed to receive 
voltage V2, and both the electrodes are assumed to store electric charges Q 
10 respectively. Since Q =CiVi and Q = C2V2 are established, 
V2/V1 = C1/C2 = (ai Si)/( <X2 S2) is found. 
In general, the following relation is found: 
Vi + V 2 ^ Vo + V R 
When Vi + V2 = Vo + Vr is found, it can be said that the maximum 
15 voltage that can suppress the deterioration of characteristics of the electric 
double layer capacitor is applied. At this time, according to the relations of VI 
= Vo, V2 = Vr, the "r" can be expressed in the following way: 
r = Vr/Vo = (ai Si)/( a 2 S2) 
A total amount of the activated carbon of the positive and the negative 
20 electrodes stays a certain value, and assume that So = Si + S2, A = ai /a2, then 
Si and S2 can be expressed as follows: 
Si = r/(A+r) So 
S 2 =A/(A+r)So 

Value A can be calculated by measuring a voltage between negative 
25 electrode 101 and positive electrode 102 when the respective surface areas of 
both the electrode, i.e. an amount of electrodes, are known. 

The foregoing method can adjust the surface areas of both the electrodes 
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so that the withstanding voltage of the electric double layer capacitor can be 
maximized. This capacitor is formed of an electrolyte and electrodes made 
from activated carbon. The surface area can be adjusted by changing one of a 
density, thickness, length or width of the electrode made from activated carbon, 
5 conductive assistant and binder, The surface area is varied according to kinds 
of activated carbon, i.e. kinds of carbon materials or activating methods. 
Those factors vary an available surface area per weight of activated carbon. 
Therefore, use of different kinds of activated carbons in a negative electrode and 
a positive electrode respectively allows adjusting surface areas of both of the 

10 electrodes. Mix two or more than two kinds of activated carbons, and change 
the kind and an amount of activated carbon, thereby adjusting the surface 
areas of the electrodes. Further, a variety of porous materials other than 
activated carbon can be used for forming electrodes, and the surface areas of the 
electrodes can be adjusted. 

15 As discussed above, the present invention provides the method of 

manufacturing electric double layer capacitors, the method has an advantage of 
eliminating processes of trial and error in a step of developing electrolyte 8 over 
the prior art which needs to repeat the process of trial and error. To be more 
specific, select in advance an electrolyte expected to have a high withstanding 

20 voltage through a simulation, and actually prepare synthetically a few 
electrolytes selected. This method allows shortening a time needed for 
developing electrolyte 8. A model assumed, in which cation 9 and anion 10 are 
dissolved into solvent 12, allows estimating accurately a withstanding voltage 
of an electrolyte. Further, a step of adjusting surface areas of electrodes can 

25 maximize a withstanding voltage of the electrolyte, so that electric double layer 
capacitors having a high withstanding voltage can be manufactured efficiently. 



12 

> i 

Exemplary Embodiment 2 

Another embodiment of a method of manufacturing electric double layer 
capacitors is demonstrated hereinafter with reference to Fig. 10. 

Step 10a is selecting an electrolyte, which is supposed to be formed of 
5 cation 9, anion 10 and solvent 12 as shown in Fig. 8. Fig. 8 shows an example 
of an electrolyte in which cation 9 is tetraethyl ammonium, anion 10 is 
tetrafluoroborate, and solvent 12 is propylenecarbonate. This is just an 
example and an electrolyte selected can have different elements from the 
foregoing ones. 

10 Step 10b is assuming a model in which cation 9 and anion 10 are 

dissolved in solvent 12. In this second embodiment, assume that there are 
plural association complexes formed of cation 9 and anion 10. To be more 
specific, one cation 9 and one anion 10 form a dimer A, one cation 9 and two 
anions 10 form trimer B, and two cations 9 and one anion 10 form trimer C. In 

15 addition to those association complexes, assume there are cation D which is sole 
cation 9 that does not form an association complex, and anion E which is sole 
anion 10 that does not form an association complex. Other than the foregoing 
association complexes of dimer A, trimer B and trimer C, any association body 
possibly existing can be assumed. On the contrary, among dimer A, trimer B, 

20 trimer C, cation D and anion E, if there is one not possibly existing, that one 
can be excluded. The model, in which this solute is dissolved in the solvent, 
can be assumed by storing the solute in a polarizable continuum which is an 
approximation of the solvent; however, this model is not the only one but there 
are other models to be used. 

25 Step lOcA is finding a first A (1A) value by calculating a first A energy of 

dimer A through a simulation, while dimer A is in a stable state. 

Step lOdA is finding a second A (2A) and a third A (3A) values 
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respectively by calculating a second A energy and a third A energy produced 
respectively at the reduction and the oxidization of dimer A. When dimer A is 
reduced, electrons move from activated carbon 7A to dimer A existing near the 
surface of carbon 7A disposed inside current collecting metal 5 shown in Fig. 6. 
5 On the other hand, when dimer A is oxidized, electrons move from dimer A 
existing near the surface of activated carbon 7B to carbon 7B which is disposed 
inside current collecting metal 6 shown in Fig. 6. 

Step lOeA is finding a fourth A (4A) and a fifth A (5A) values. The 
fourth A value can be found by subtracting the second A value from the first A 

10 value. The fourth A value means an energy gain produced at the reduction of 
dimer A on metal 5 side. On the other hand, the fifth A value can be found by 
subtracting the first A value from the third A value, and the fifth A value means 
an energy loss produced at the oxidization of dimer A on metal 6 side. 

Step lOcB is finding a first B (IB) value by calculating a first B energy of 

15 trimer B through a simulation, while trimer B is in a stable state. 

Step lOdB is finding a second B and a third B values respectively by 
calculating a second B energy and a third B energy produced respectively at the 
reduction and the oxidization of trimer B. When trimer B is reduced, electrons 
move from activated carbon 7A to trimer B existing near the surface of carbon 

20 7A disposed inside current collecting metal 5 shown in Fig. 6. On the other 
hand, when trimer B is oxidized, electrons move from trimer B existing near the 
surface of activated carbon 7B to carbon 7B which is disposed inside current 
collecting metal 6 shown in Fig. 6. 

Step lOeB is finding a fourth B (4B) and a fifth B (5B) values. The 

25 fourth B value can be found by subtracting the second B value from the first B 
value. The fourth B value means an energy gain produced at the reduction of 
trimer B on metal 5 side. On the other hand, the fifth B value can be found by 
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subtracting the first B value from the third B value, and the fifth B value 
means an energy loss produced at the oxidization of trimer B on metal 6 side. 

Step lOcC is finding a first C (1C) value by calculating a first C energy of 
trimer C through a simulation, while trimer B is in a stable state. 
5 Step lOdC is finding a second C (2C) and a third C (3C) values 

respectively by calculating a second C energy and a third C energy produced 
respectively at the reduction and the oxidization of trimer C. When trimer C is 
reduced, electrons move from activated carbon 7A to trimer C existing near the 
surface of carbon 7A disposed inside current collecting metal 5 shown in Fig. 6. 

10 On the other hand, when trimer C is oxidized, electrons move from trimer C 
existing near the surface of activated carbon 7B to carbon 7B which is disposed 
inside current collecting metal 6 shown in Fig. 6. 

Step lOeC is finding a fourth C (4C) and a fifth C (5C) values. The 
fourth C value can be found by subtracting the second C value from the first C 

15 value. The fourth C value means an energy gain produced at the reduction of 
trimer C on metal 5 side. On the other hand, the fifth C value can be found by 
subtracting the first C value from the third C value, and the fifth C value 
means an energy loss produced at the oxidization of trimer C on metal 6 side. 

Step lOcD is finding a first D (ID) value by calculating a first D energy of 

20 cation D through a simulation, while cation D is in a stable state. 

Step lOdD is finding a second D (2D) and a third D (3D) values 
respectively by calculating a second D energy and a third D energy produced 
respectively at the reduction and the oxidization of cation D. When cation D is 
reduced, electrons move from activated carbon 7A to cation D existing near the 

25 surface of carbon 7A disposed inside current collecting metal 5 shown in Fig. 6. 
On the other hand, when cation D is oxidized, electrons move from cation D 
existing near the surface of activated carbon 7B to carbon 7B which is disposed 
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inside current collecting metal 6 shown in Fig. 6. 

Step lOeD is finding a fourth D (4D) and a fifth D (5D) values. The 
fourth D value can be found by subtracting the second D value from the first D 
value. The fourth D value means an energy gain produced at the reduction of 
5 cation D on metal 5 side. On the other hand, the fifth D value can be found by 
subtracting the first D value from the third D value, and the fifth D value 
means an energy loss produced at the oxidization of cation D on metal 6 side. 

Step lOcE is finding a first E value by calculating a first E energy of 
anion E through a simulation, while anion E is in a stable state. 

10 In step lOdE, find a second E (2E) and a third E (3E) values respectively 

by calculating a second E energy and a third E energy produced respectively at 
the reduction and the oxidization of anion E. When anion E is reduced, 
electrons move from activated carbon 7A to anion E existing near the surface of 
carbon 7A disposed inside current collecting metal 5 shown in Fig. 6. On the 

15 other hand, when anion E is oxidized, electrons move from anion E existing 
near the surface of activated carbon 7B to carbon 7B which is disposed inside 
current collecting metal 6 shown in Fig. 6. 

Step lOeE is finding a fourth E (4E) and a fifth E (5E) values. The 
fourth E value can be found by subtracting the second E value from the first E 

20 value. The fourth E value means an energy gain produced at the reduction of 
anion E on metal 5 side. On the other hand, the fifth E value can be found by 
subtracting the first E value from the third E value, and the fifth E value 
means an energy loss produced at the oxidization of anion E on metal 6 side. 

Step lOf is find a sixth value. Select the maximum value from among 

25 the values of fourth A, fourth B, fourth C, fourth D and fourth E, and name the 
maximum value the fourth value. Then select the minimum value from among 
the values of fifth A, fifth B, fifth C, fifth D and fifth E, and name the minimum 
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value the fifth value. The six value is found by subtracting the fourth value 
from the fifth value, and this sixth value corresponds to an estimated size Vw of 
a potential window, namely, a withstanding voltage of an electric double layer 
capacitor. In other words, it is assumed that various substances such as 
5 association complexes, sole cation and sole anion are mixed in an electrolyte, 
and among those substances, the one most easily reduced or oxidized can 
determine a withstanding voltage of the electrolyte. 

In the foregoing procedure, if the energy gain produced at reduction of 
trimer C or cation D having plus electric charges is great enough, and the 

10 fourth C value or the fourth D value is small enough, it is not needed to find 
those small fourth C value or fourth D value. Those values can be neglected 
when the fourth value is determined in step lOf. If the energy loss produced at 
oxidization of trimer B or anion E having minus electric charges is great enough, 
and the fifth B value or the fifth E value can be great enough, it is not needed to 

15 find those great fifth B value or fifth E value. Those values can be neglected 
when the fifth value is determined in step lOf. 

Step lOg is determining the electrolyte to be appropriate for 
manufacturing an electric double layer capacitor having a high withstanding 
voltage. To be more specific, compare the sixth value calculated with a target 

20 value, and if the sixth value is higher than the target value, the electrolyte 
formed of selected cation 9, anion 10 and solvent 12 is determined to be 
appropriate for manufacturing the capacitor. 

Step lOh is preparing the electrolyte synthetically by dissolving cation 9 
and anion 10 into the solvent using chemical species specified in step 10a 

25 through step lOg. 

Step lOi is using the electrolyte as an element of an electric double layer 
capacitor. To be more specific, measure a withstanding voltage of the 
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electrolyte prepared to find whether or not a withstanding voltage estimated at 
the simulation can be obtained within an error range practically allowable. If 
the measurement satisfies the target value, use the electrolyte in the capacitor. 
Then dip a positive and a negative electrodes made from activated carbon 
5 into the electrolyte thus prepared, thereby producing an electric double layer 
capacitor. When a voltage is applied between the electrodes, a control is 
needed for a voltage applied to the positive electrode not to exceed oxidizing 
voltage Vo, and for a voltage applied to the negative electrode not to exceed 
reducing voltage Vr. This control prevents oxidization or reduction of the 

10 electrolyte, and also suppresses deterioration of characteristics of the capacitor. 
Under this condition, in order to maximize the voltage applied between the 
electrodes, the respective surface areas of the positive and the negative 
electrodes are adjusted such that when the positive electrode has voltage Vo, a 
voltage of the negative electrode becomes Vr, and the voltage between the 

15 electrodes becomes Vo + Vr. A method of this adjustment is demonstrated 
hereinafter. 

Assume that electrodes employ activated carbon. Respective surface 
areas of the positive and the negative electrodes are proportionate to respective 
amounts of activated carbon. As shown in Fig. 11, the negative electrode has 

20 activated carbon amount SI, and the positive electrode has activated carbon 
amount S2. As shown in Fig. 12, the negative electrode has electrostatic 
capacity CI, and the positive electrode has electrostatic capacity C2. Those 
capacities are not only proportionate to the respective activated carbon amounts, 
but also depending on kinds of electrolyte ions which store electric charges. 

25 Parameter cxi proper to cation, and parameter c*2 proper to anion are introduced, 
and assume that the following equations are established- 
Ci = ai Si, C2 = CC2 S2. 
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When a voltage is applied between the electrodes, the negative electrode is 
assumed tol receive voltage Vi, and positive electrode 102 is assumed to receive 
voltage V2, and both the electrodes are assumed to store electric charges Q 
respectively. Since Q =CiVi and Q = C2V2 are established, 
5 V2/V1 = C1/C2 = (ai Si)/( a 2 S2) is found. 

In general, the following relation is found : 

Vi + V 2 ^ Vo + Vr 
When Vi + V2 = Vo + Vr is found, it can be said that the maximum 
voltage that can suppress the deterioration of characteristics of the electric 
10 double layer capacitor is applied. At this time, according to the relations of - 
VI = Vo, V2 = VR, 
the "r" can be expressed in the following way - 

r = V R /Vo = (aiSi)/(a 2 S2) 
A total amount of the activated carbon of the positive and the negative 
15 electrodes stays a certain value, and assume that So = Si + S2, A = ai /a2, then 
Si and S2 can be expressed as follows- 
Si = r/(A+r) So 
S 2 =A/(A+r)So 

Value A can be calculated by measuring a voltage applied between the 
20 negative electrode and the positive electrode when the respective surface areas 
of both the electrode, i.e. an amount of electrodes, are known. 

The foregoing method can adjust the surface areas of both the electrodes 
so that the withstanding voltage of the electric double layer capacitor can be 
maximized. This capacitor is formed of an electrolyte and electrodes made 
25 from activated carbon. Since a method of adjusting the surface area is the 
same as described in the first embodiment, the description is omitted here. 

As discussed above, the second embodiment of the present invention 
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provides the method of manufacturing electric double layer capacitors, the 
method has an advantage of eliminating processes of trial and error in a step of 
developing electrolyte 8 over the prior art which needs to repeat the process of 
trial and error. To be more specific, select an electrolyte expected to have a 
5 high withstanding voltage through a simulation, and actually prepare 
synthetically only the electrolyte selected. This method allows shortening a 
time needed for developing electrolyte 8. A model assumed, in which cation 9 
and anion 10 are dissolved into solvent 12, allows estimating accurately a 
withstanding voltage of an electrolyte. Further, a step of adjusting surface 

10 areas of electrodes can maximize a withstanding voltage of the electrolyte, so 
that electric double layer capacitors having a high withstanding voltage can be 
manufactured efficiently. 

In the first and second embodiments, the first — the third energies used 
for calculating the first — the third values represent a total energy of the 

15 association complexes. The total energy includes kinetic energy of electrons, 
potential energy of the electrons and potential energy of atomic nucleus. 
Kinetic energy of atomic nucleus can be included therein. The fourth and the 
fifth values represent differences in the total energies. 

20 Industrial Applicability 

The present invention provides a manufacturing method of electric 
double layer capacitor, and this method can shorten a period of developing an 
electrolyte necessary for the capacitor. The method also can maximize the 
characteristics of withstanding voltage of the electrolyte developed. 



